In this paper, the curing and mechanical properties of two series of prepared blends, i.e., chlorosulphonated polyethylene (CSM)/isobutylene-co-isoprene (IIR) rubber blends and chlorosulphonated polyethylene (CSM)/chlorinated isobutylene-co-isoprene (CIIR) rubber blends were carried out. Blends were prepared using a two-roll mill at a temperature of 40-50 °C. The curing was assessed using a Monsanto oscillating disc rheometer R-100. The process of vulcanization accelerated sulfur of pure rubbers and their blends was carried out in an electrically heated laboratory hydraulic press under a pressure of about 4 MPa and 160 °C. The stress-strain experiments were performed using a tensile tester machine (Zwick 1425). Results indicate that the scorch time, t s2 , and optimum cure time, t c90 , increase with increasing CSM content in both blends. The value of modulus at 100 and 300% elongation and tensile strength increases with increasing CSM content, whereas elongation at break shows a decreasing trend. The enhancement in mechanical properties was supported by data of crosslink density in these samples obtained from swelling measurement and scanning electron microscopy studies of the rubber blends fractured surfaces.
Blends of rubbers are of technological and commercial importance, since they allow the user to access properties of the final blended and vulcanized rubber that are not accessible from a single, commercially available rubber alone. These potentially improved properties include chemical, physical, and processing benefits. In reality, all blends show compositionally correlated changes in all of these properties compared to the blend components. The technology of rubber blends is largely focused on the choice of individual rubbers and the creation of the blends to achieve a set of final properties [1] . Miscible blends of rubbers that consist of a single rubber phase with microscopically uniform cross-linking and distribution of reinforcing agents reflect a compositionally weighted average of the microscopic properties of the constituents. Miscible blends are commonly used though they have been very rarely recognized. Analysis of such blends, particularly after vulcanization, is diffi-cult. The current analytical techniques are only slightly more capable than the classical techniques of selective precipitation of the components of an unvulcanized rubber blend from solution [2] . Immiscible blends show additional, more complex changes due to a microscopically inhomogeneous phase structure of the two component rubbers. The two separate phases typically have differences in the retention of the fillers and plasticizers as well as vulcanization in the presence of the curative. Changing the properties of rubbers by uneven distribution of fillers and vulcanization is, however, the more common use of blends of immiscible rubbers [3] . Many reviews [4] [5] [6] are focused on immiscible blends of rubbers. Isobutylenebased rubbers include butyl rubber and halogenated butyl rubber, due to their impermeability and resistance to heat and oxidation, these polymers find application in tire innerliners, innertubes, curing bladders and envelopes, and other specialty applications where air retention and resistance to heat and oxidation are desired [7] . Chlorosulfonated polyethylene (CSM) is an important rubber which has been frequently used in many applications such as sheeting cable and geomembrane due to its outstanding resistance to deterioration by heat, oils, ozone and oxidation [8] . The blending together of isobutylene-based rubbers (IIR) with chlorosulphonated polyethylene (CSM) is intended to produce a vulcanizate with the best properties from each component, i.e., CSM's impermeability and IIR and CIIR's good strength properties and resistance to oil [9] . Chlorobutyl (CIIR) and bromobutyl (BIIR) rubbers are manufactured similarly to butyl rubber, but with an added subsequent halogenation step. Due to the nearly equivalent reactivity ratios of the monomers and low concentration of isoprene, the isoprenyl units in these polymers are randomly distributed along the polymer chain. Commercially, chlorobutyl rubber (CIIR) and bromobutyl rubber (BIIR) are the most important derivatives of butyl rubber. Their predominant application is in tire innerliners with the performance of the modern radial tire being impacted by the amount of halobutyl rubber used in the innerliner compound. Typical performance requirements of the tire innerliner are: air retention, adhesion to tire carcass compound, resistance to fatigue and cracking, heat resistance, high tensile and tear strength [10] . In this study, two series of prepared blends, i.e., chlorosulphonated polyethylene (CSM)/ /isobutylene-co-isoprene (IIR) rubber blends and chlorosulphonated polyethylene (CSM)/chlorinated isobutylene-co-isoprene (CIIR) rubber blends were carried out. The rheometric characteristics of these materials, such as scorch safety and cure rate were analyzed. The mechanical properties were also investigated as a function of blend ratio. The cross-link density was obtained from swelling measurements and the morphology of the rubber blends fractured surfaces was investigated using scanning electron microscopy studies.
EXPERIMENTAL

Materials
Two different types of rubbers were used IIR and CIIR and blended with CSM at different ratios. IIR (Butyl 068), Mooney viscosity 51 (ML1+8 at 125 °C) with isoprene content of 1.15 mol% and CIIR (Chlorobutyl 1066), Mooney viscosity 38 (ML1+8 at 125 °C) with isoprene content of 1.95 mol% and halogen content of 1.26 mol% were supplied by ExxonMobil, England. Their respective technical specifications are shown in Table 1 .
Sulfur, MBT and TMTD were used as a vulcanizing agent and accelerator, respectively, throughout this study. Commercial grade rubber chemicals such as zinc oxide and stearic acid were also used. For each of the two types of rubbers, IIR and CIIR with various ratios of CSM the cure systems were incorporated. The details of the blend ratios are shown in Table 2 . In each cure system, blends in gum vulcanizates were prepared with containing 5.0 phr (parts per hundred parts of rubber) zinc oxide, 2.0 phr stearic acid, 0.5 phr MBTS, 2 phr TMTD and 2 phr sulfur.
Compounding
The compound formulation is given in Table 2 . 
Testing
The cure characteristics were assessed by a Monsanto oscillating disc rheometer R-100. The various rubber blends were compression molded into 2 mm-thick test specimen sheets at 160 °C according to their respective optimum cure times. Dumbbell-shaped specimens were cut from the molded sheets with a width of 6.3 mm±0.1 mm. Tensile testing procedure was carried out in accordance with ASTM 412-98a [11] using an Instron universal testing machine (Zwick 1425) operating with a crosshead speed of 50 cm/min.
Swelling properties
The resistance of the vulcanizates to toluene was determined by using the method described in ASTM-D3010. Three different shapes of the cured samples were cut from the 1 mm thickness mould and weighed and immersed in air tight containers of diesel, kerosine and toluene solvents at ambient temperature for 24 h. The samples were then removed from the bottles wiped dry with filter paper and weighed immediately. The change in weight of the sample was expressed as percentage swelling:
where m 1 and m 2 are the initial and final weight of the swollen sample respectively. Crosslink density, ν, of the rubber blends composites can be estimated from swelling measurement, using the Flory-Rehner equation [12] .
Scanning electron microscopy
The scanning electron microscopy images of the rubber blends fractured surfaces were taken by a JEOL JSM-5400 model of the microscope. The samples were sputter coated with gold for 3 min under high vacuum with image magnifications of 2000×.
RESULTS AND DISCUSSION
Curing characteristics Figures 1 and 2 show the effect of CSM content on the scorch t s2 and cure time, t c90 , of the CSM/IIR and CSM/CIIR rubber blends. It can be seen that the t s2 and t c90 of these blends increase with increasing CSM content. CIIR and CSM are polar rubber. As the content of CSM in the blends is increased, the curative agent, i.e., sulphur, becomes more soluble in CSM and CIIR compared to IIR. Consequently the curing rate of the blend increases with increasing content of CSM [12] [13] [14] reported that for blends of two rubbers with similar polarity, distribution of crosslinks can be equal through phases.
It can be seen also in Figures 1 and 2 that at a similar CSM content, t s2 and t c90 of CSM/CIIR blend is shorter than CSM/IIR blend. The effect of CSM content on the maximum torque (M h ) is shown in Figure   3 . It can be seen that the M h increases with increasing CSM content in the CSM/CIIR blend. and content of CSM is shown in Figure 4 . It is known that the torque difference indirectly relates to the cross-link density of the blends [15] . This figure clearly shows that CSM/CIIR blend is a more compatible blend than CSM/IIR blend. The decreasing torque difference for CSM/IIR indicates that a distribution of cross--link occurred which results in an over-crosslinked phase and a poorly crosslinked one. Again at a similar CSM content, CSM/CIIR blend exhibits higher M h -M l than CSM/IIR blend. Choi [16] reported that with normal sulphur vulcanizing systems, the efficiency of CIIR vulcanization seemed to be improved. The isolated double bonds in CIIR inhibit the formation of intramolecular sulphide links thus resulting in the increase of the crosslinking rate.
Mechanical properties Figure 5 shows the variation of M100 with CSM content in the two CSM/IIR and CSM/CIIR rubber blends. It is obvious that as the percent of CSM increases, M100 also increases correspondingly. This means that the incorporation of CSM in the blend would enhance cross-linking as M100 is a measure of degree of cross-linking. CSM/CIIR blend gives a higher M100 value than the CSM/IIR blends. This observation may be attributed to greater enhancement effect of CSM on CIIR. In fact, the crosslinking density is increase for both blends. As in the case of CSM/IIR blend, the lower M100 is attributed to the non-enhancement effect of CSM which is a polar polymer compared to IIR, a non-polar rubber. Thus, the CSM/IIR blend has a lower crosslinking density than CSM/CIIR blends.
The variation of M300 with CSM content is presented in Figure 6 . In this case, CSM/IIR blend consistently shows a higher M300 than CIIR blends. The increase of M300 values indicates that CSM reinforces IIR and CIIR blends: the degree of reinforcement is greatest in IIR, followed by CIIR as the degree of crystallization decreases with increasing % of halogenated. Figure 7 is shows the dependence of tensile strength of the two rubber blends on CSM content. Again, IIR blend consistently indicates a higher tensile strength than the CIIR blend as observed for M300. However, in this case, tensile strength decreases gradually with increasing CSM content for all the blends studied. This observation is associated with the decreasing effect of strain-induced crystallization as CSM content is increased. As discussed earlier in M300, IIR exhibits the greatest strain-induced crystallization, followed by CIIR. This sequence of decreasing crystallization is reflected by the decreasing value of tensile strength for the respective single component rubbers [17] . In the case of CSM, it has the lower tensile strength due to the non-crystallizable nature of the rubber. Figure 7 also shows that for CSM content greater than 60 phr, greater drop in tensile strength for the blends is observed. This finding may be ascribed to the dominant effect of CSM at higher loading of CSM. The effect of CSM on elongation at break for CSM/IIR and CSM/CIIR rubber blends is shown in Figure 8. The effect, in fact, is very similar to that of tensile strength, i.e., elongation at break decreases gradually with increasing CSM content. Owing to the higher strength of IIR, its blend gives a much higher elongation at break compared to CIIR blend. For the single component CSM, its elongation at break is the lowest among the rubbers studied due to the noncrystallizable property of CSM. 
Swelling properties
Calculation of cross-link density from swelling behavior as one of the most important structural parameters characterizing a cross-linked polymer is the average molecular weight between the cross-links (directly related to the crosslink density) we determined it from swelling. The cross-link density, ν, is defined as the number of elastically active network chains totally included in a perfect network, per unit volume and is given by:
where M c is the average molecular weight of the polymer between cross-links and N A is the Avogadro number. In the case of rubber composites the network of cross-linked macromolecules is never perfect, but still this calculating procedure is common in literature as a relative measure of crosslink density in rubbers [17] . According to the theory of Flory and Rehner for a perfect network:
where V 1 is the molar volume of the solvent, ρ p is the polymer density, Φ p is the volume fraction of the polymer in swollen gel, and χ is the Flory-Huggins interaction parameter. Some calculated data for the ''relative'' cross-link density values, ν, obtained from the swelling measurements for rubber blends are given in Table 3 . The cross-link density is found to slightly change with an increase in concentration of the CSM rubber in CSM/CIIR and CSM/IIR rubber blends. Higher cross-link density is obtained for CSM/CIIR rubber blends; this is because of the restriction of swelling due to the similar (polar) nature of rubbers and formation of new cross-links according to free sulphur and residues of curatives react with rubbers, which causes an increase in Φ p and increases the cross-link density. Thus, the observed tensile strength variation can be exactly correlated with the variation of ν from swelling studies. In swelling studies of these samples, crosslinks are flexible to penetrate, but as the loading of CSM increases they restrict the swelling. The swelling ratio, 1/Q calculated using Eq. (1) is found to increase (Table 3) . This type of failure indicates the higher tensile strength and a weak interaction between CSM and CIIR rubbers.
CONCLUSIONS
The incorporation of CSM in CSM/IIR, and CSM/ /CIIR blends increases the scorch, t s2 , and cure time, t c90 . At a similar CSM content, the CSM/CIIR blend exhibits shorter scorch t s2 and cure time t c90 than the CSM/IIR blend. The incorporation of CSM in the CSM/CIIR blend also increases the maximum torque (M h ) and torque difference (M h -M l ). However, for the CSM/IIR blend the maximum torque and torque difference decrease with incorporation of CSM, an observation which is attributed to the maldistribution of cross-link between the two rubber phases. M100 and M300 increase with increasing CSM content in both blends. The former increase is attributed to the enhancing effect of CSM and the latter increase is associated with strain-induced crystallization of the respective rubbers. Tensile strength and elongation at break of the blends decrease gradually with CSM content, an observation which is ascribed to the decreasing effect of strain-induced crystallization of IIR and CIIR as CSM content is increased in the respective blends. The cross-link density is found to slightly change with an increase in concentration of the CSM rubber in CSM/CIIR and CSM/IIR rubber blends. Higher cross-link density is obtained for CSM/CIIR rubber blends. The micrograph of CSM/CIIR exhibits that the composite's surface is rough with many tear lines and branching indicates the higher tensile strength and a weak interaction between CSM and CIIR rubbers.
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